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£GaN;fre>fcSn$I*^y KM, Si?: K-:/LfcIiiGaNfr £>&-5?gtt/g> Mg£ K 
-^bfcAlGaN^fcSpflU*^*;/ KJg£. Mg£ K- LfcGaNJ; *; fc£ p {fflzi > 

^iSfcbT, 450nm ^£>530nm jfifeLED (Light Emitting Diod 
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se Epitaxy) ( 1 0 - 1 0 ) mM^£>&-5Mn5##£> 
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mmmm^sw^r^msMizmMmzmm^mz^mzm^ti^>m^iX'm^ 
zmmtZo sm^izmmzMVTMmisT^zzLtfrb. m%ma&iz*v& 

[0 0 15] 

sw±Ti*«*j«fi*#M#y#2» (GaN) T#^sti*»^ 

[0 0 16] 

[2gf$§(z>lyg0>7£ffiu 

[0 0 17] 
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mmz^m&mz^fttemmzm&i'zmimmMm. ts&m. %.&m2mnm 
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R®, CM Z&tio ) SiC ( 6 H, 4 H. 3C £^tr 0 ) GaN, Si, Z n 
S. ZnO, A1N, LiMgO, GaAs. MgAl 2 0 4 , InAlGaN 

st*a*i6«-e*y, «fc »;#*L<«y s c*a*i£«*e**. mah t7 7 ^t 

aSSfeM^Stfr&TB:, lO'J^A (GaN) 3Mfc^*r¥##©#f*fcJ*«3 
[0 0 19] 

r it. ix«in mmit&ya^mft^ BeMgzncds &{t&m¥m<* & m 

v^rfc#T?£, icttlO'j^A (GaN) ^ft-a-w^tt. 

*A (A IN) UitJyVVi* (InN) M 

fc>f >^*A#y ?A (InGaN) gftT/l/^ Ajtf U 

A (AlGaN) * t < (iMtS I i: #lC^ffc^ 

VVA&fc&M^mmWltLytK XmmiZ&^T. InGaN, A 1 G 

•f-©"e&&<, MitflnGaNtit I n G a N0#M^ift$tJa;^iHt 
©$&*©A 1 % •?■©<lfi©^M#$:•^^T*V^T=fo*#gre(Z)^H•efeS3t^iV^e)^ 
T*fc&^„ SffiK:2&RftK:StffifcSi£fci:. Sffi^lt5M6I©fH 

THS^fc®#&£^tft,©-e&£ 0 
[0 0 2 0] 

ftmwi&mik'&mfsM&.&.m (mocvd (movpe)s) -^^^xtf^^r 
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(MBE&) n4 F&mj&-&m (hvpess 

) fcif&#^Sm#T?£5„ f®*T'=feMOVPESK:j:S^, fflJSKUgfitt 
<Z>&^=fe<Z>#fie>*lS„ MOVPEgTft GaV-^tUTMG (NU^^ 
JbifV ^A) , TEG (h'Jx^;i/^*U^A) , Al y-7fcbTttTMA (h 
y**7l/y/l/$n#i0 , TEA (h'JxWM-^A) , InV-xfcl, 
Ttt, TMI (hy^^-f , TEI (MJxf;H>>>^A) 

, Get^tia^l/Vi/^, MgT'M«Cp2Mg u<<># S?X— /I/ 

7 ^^f^) - ZnT'fetl«DEZ {Pttfr*?**) &Z<D#Xi$mm2ft 

So MocvDSttt, rtie>©^x5:^tf6 o 0TcjBt±Jcjnuftsnfc3i*© 

[002 1] 

^ffi^fiS (MOCVD^) ^^Hxif^dp$/-^ (MB Egg) , 7\>f K^>f 

K*UHrt«tt (HVPES) 35fc4f©ft*«*i*Sfflv^Sii:^-c^s 0 m^M<D 

**i#raili:fc* 0 fit, *£BMfc^Tf#e>*©±fc3^fcj*&siB&j£ 
se>Jcjgfitt©j:v^fi^fiT?^a 0 tit, WWWtfcffinr 

ffc%¥##©&^M^fc^ri'r&£v^ Biftfc&s,, Lfe^t, 
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tfB&Ztotb^m&t&Z. r^t^lf. S iCJ:(CttAlNS:MfCL)5iV>T*A 
777l^Ii:^y, S i««±{Cl±AlN, GaNm'JMfCl 

[0 0 2 2] 

s+®i:s-ffi^ ts ^ *mmmizt$^T&. mzmb&^mntiz. c + 

®{CoVATiiS+®^^MT^So ^fcC + ®©®^tt (0 0 0 1) 
[0 0 2 3] 
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m^m^nm^mmt. iEmiz^nmv$>^^t^mn^:r. *<d*p<dm-d 

[0 0 2 4] 

mz®£?z>zii*:mmi,Tfti>tiKv. $>z^ mmmzmmrmmMm± 
iz ^^^rm^MMmmmizm^nr^^^M<Dmn^ti^m^mm^ 

*v ? Tm±<D&&mm*&&*z> i o * mssato^mic-jiraff; u -eti-r 
> n**. m*B*. ***** ha**, *e**, a of 

[0 0 2 5] 

S#/&S£#Vv*';**jg0jg^£ 1 o Amgsofg^ (sgwi&#i - 1 o 

Mocttftfttf^A^ twiit ****** fcaic, 
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[0 0 2 6] 

W^KftoTV^rt^SntV^. RlnGaNJSiio^fiUii 
7 0 0~8 0 0m«fcft, 7>%-r®»**MS#tf< % JiyNt^t 

ifeAFMT^IWci:357f>y^IotInGaNJj(»jM{: 

ift7^ h;^ o. 5- i » mmmaftrnmr* 

[0 0 2 7] 
[0 0 2 8] 

1 P fflXtt nf©^7 v KJfT'Jfc y , * 2 *«gii*(Z>£#<Z)*tt2-? 
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5InGaNI$:AlGaNlt^tfili:mi:t ) ifgT^ 5o $ fe> m 

&mitm-<DAji2m&MT~mm-t&zii%uimT'&&ifi. ( S q 

W) mm. -lt?#F (DQW) #31, #Sfi^-#J? (MQW) «Jt^if©S 

^KlnfflfcftStt*^**^ IfSi, Ge, S e *£<D K*— 
Ba^^7^^-7F« -£fC£oT#e>*l6#. ***y 

^^©^te**^#H^iT*4 o otg±T7--y y>f%:ft e^tawsfc 
*-?-*iS»3aiirK: J: »JMftft-r v>f*n»&*N %mttte¥T*m 

[0 0 2 9] 

^l^tm MttJi, St) f m2S|«MM^e>3&;«^3fcM^S:^ai$Xtt-gp©S 
L,TB3fcS« r h T% Ififlf tt#«£#lc J: y ft* MX IT ^ < 
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[0 0 3 0] 

Sffittinoitya* : fej:<^ittt ) Sv^t*M$S»<nri:^t5 

[0 0 3 1] 

. *n j eti<Dm<?)ii£&ipfoB&*$fotzm&& wm&w. mm^m. mmmiz 

tt&iz?£&£mi%mM&Mzv^-f<&^T^2>fetbT*2b2> 0 ztuzMVT. w 

mwozzmmu z% *>*>*tv ^^mtwM^^^^v y 
i/fc y , mH*m&&ftizmmmf&Mizm%t7u v#w**j&i&*&wm. 

[0 0 3 2] 
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[0 0 3 3] 

mmx%z> 0 

[0 0 3 4] 

3ftft#f tot, #H0i«'ett*j«>K:ie6XfiK:ov^ 

[0 0 3 5] 

mmmi 

[0 0 3 6] 

c+wzm&Z.ffi i i i:tst77>f7iti o± (c+ m) tc. sio 9 i 

f=.itS i N£tf V^VX^Jg 1 2 ££MtCjp:3 10 0-5 0 0 nm®|Ht« 
U 1 0 0 /*mmm<Dffin%$ 1 3 h y y^7^-i:79^iyf t> 

hfeflfv^T^-rs (01) . i©H!P»l 3tt*HJ6«K:fe^TJ«^«*e 

[0 0 3 7] 

mz. IMfii:ltt.^sm5^i dftttffiigS 0 0° CT'i^ 
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(2 0~3 0nm) ©GaN« (ftl^y7 7l) fc/fcRU H2 ICjR-T J: 
. f©ft«*ailSlOOO- Ci*C±#S-&T^ij3>K-^0GaNll 
4fc*Jft*e. r 0J/ij 3> K-^CG a NI 1 4 ttT^ jr OUpg 1 3 fCJ&R 

[0 0 3 8] 

>^T'fflSR^©^naJi 6fc«o- (03) % $e>tc^p^i ecDrtireja*** 
Wi/'J n> K-^0G a NI 1 7 ^^^^i»^i^S§f S„ * 
©IS, A##l7£#©|g&Jg©3i®W: S (1-10 1) ®T?^*>*lS 0 Jft£l$fttf 
£ »; * n 4: JiffiW #£fic£iif fc¥frfcC + mfc*rr*A* (c & S «c, 3 

[0 0 3 9] 

A#«t^^€:S/y3>K-^©GaNJIl 7«lfct, Wifc <fi!fcR&fr 

ofePR, H$tt^ii:lT-e©-i20 1. 6#g«?Jcfcy, ftoT10~16 
/ernggjcfc*. ^i©^§S^il 5-2 0 /tmgKifll^y, 

#U m4lzm-t£olZT?tf*Z,V2* K-7"0GaNll 9 *f&&~?Z> 0 
©InGaNJSl 8©ISttO. 5 n mfr & 3 n mlStfts, ££>ic (Al) 
GaN/InGaNCi^l^il^^^t^-^,^^^ #j 
FM£ ITMtSGaNtfettl nG a N $:/gv\T#M^3t £ f 
o -e©^ I nGaNO^JKDjfKJiA 1 G a Nl^tSrt^li Lv> 
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[0 0 4 0] 

*<D^m(?>-m*is V ny K-^©G a NJf 1 4 * t?x 

,f>yi " ^^©^^21|CTi/Al/Pt/Auti^Ii 

/Au£fc«Ni (Pd) /Pt/Aufel»t«. Z(Dlii:j:9pti2 2 
(05) . ^n&<Z>3H»(0|R, pi|2 2, nii2 0^M 

[0 0 4 1] 

«FftM£*«2/y n> F-^©G a N« 1 4 HLTWlfeftilt VX<D 
^'j3>K-^GaNIl 7fc*LTH*. iCDS/U 3> K-^©G a NJ» 1 

5»Mtfe5InGaNll 8*Cj*j«S*U $e>lC-£<DI nGaNfl 
Pii2 2ii7^^^K-^0GaNI190±Il:M$HTfe^ n« 

[0 0 4 2] 
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[0 0 4 3] 

mmw2 

[0 04 4] 

if4l?:C+ffliitSU-77>f7S«3 0±lc, ^f5 0 0° C0D<£MT*A 
lN*fe{iGaNffl^f|i^;t?;77ll:Mt5„ f©tMll 0 0 0' 
CClT5/y3>K-^OGaNl3lS:Mt*. *<7)^ SiOgtfcttS 
iN§:ffil,\fcyx^I^ffi{cf$ 10 0-5 0 0 n m©«Ht»* U 08 tc 

t©i/'j3>K-^©GaNl3 ljWS*3*l«. 
[0 0 4 5] 

0° CfijSJC««fiaF&±#L, S/U 3> K-^(Z)G a NI3 3 fe^fitS. 
'j3>K-^0GaNl8 3^oTV^>>'j3>K-^0GaNl3 1 ±{CJ& 

y a > K- ^© G a NI 3 3 *fg < +^|cjj» L fe»^«e* G a 

G a Nf 3 l©l£v*tt+a»CBLT*K«#**. 
[0 0 4 6] 

3 #^flmi£H*JC|Il 5~20*miH (-3*7. 5~1 
^lO-lB/imgHc^S^ fcfc, 5-2 0 /» mgaftfc 

01 OlC^tJc^tC, ^«bTM^LfeS®T*ffl^tl7£:7 , N^^^$tlfe^ 
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I3 4^f§ 0 j£j!^£_t:#u 0 1 1 lc*rT £ ? 

")AK-^©GaNS3 5S:^tS. ^GDlgtCD I nGaNl34«liO. 
5nm^e>3nmiM5. 2 £ fC*fr&Ji £ (Al) GaN/I nGaN (DM. 

NtfettlnGaN^V^lMiitsii:*^ -£<Z)figS. I nGaN© 
t<±®I{CttA 1 G a Nf5:^t5ii:^lt Lvx„ 
[0 0 4 7] 

■ZO&i. ^ftft^SI nGaN!34feJ:t;pS^7^ KlT'^SYni/ 

a N«3 3 ®-^$:Sm$-&S 0 $ *>lZ*<Dfe£ LfcaS#aCj£v^#fCT i /A 
l/Pt/Auiil:Iit§„ 3tl^n«i3 6i:^5 0 £ £ K:A#lt_fclC/£ 
fil/fef ^I(CN i / P t / A u f ^cSN i (Pd) /Pt/Au^IffS, 

3©^{cj:»jp«@3 7^-^^ s (0i2) . ztibvmmamzi*. mm 

[0 0 4 8] 

m^©m@3 6, 3 7?:MLm 013 iZ^*?<S: o mm^m^R 
IE (Kfc&JlryzLy^yy) ■V—&l>T*m*mzftM^-2> 0 

[0 0 4 9] 

3© <£ o rmmnim-vmm^tif=.^mmm<Dm^m^it. m 1 4 tc^i-^« 

$i£;£LT^£ 0 ^©^^^iiC+S^^iM^f 5t77-f ^g|*3 0_h 
LT©^Uzi> K-^C7)GaNM3 3 £^LT^£ 0 ^©S/U zr> K 
— ~7<DG a NM 3 3 ttli±®i:{j:i^bT&S SII:f btfctj, r©S®tC 
¥fT(:®$LT*SMT^ttf T'feS I n G a Nf3 4 $£lC-£ / 

01 nGaN!34±{C^77 KM ilbTV^'^i/^AK — Zf<D GaN|3 5# 
7£/&3*lT^3 0 P«@3 7|j:7^i/^F-y0GaNi3 5CD_h®{C^ 
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[0 0 5 0] 

■So 

[0 0 5 1] 

So 01 Stc^^J:^^^^^^^^^^^^^ ^_, T ^^ 
«3 0±lZj&&,Ztit=.isV ziy K-^0GaN!3 8lCfgH3 9*^^$tl, -£ 

InGaNl3 4^^SMI, ~?*f % i/VJ* K-^©G aNf 
3 5^P,^SpS^7^KI, P1I3 7, nil^USft, I nGaN|3 

[0 0 5 2] 
[0 0 5 3] 

lN^fettGaNO^-rtlA^<Z)A-/7T«$:^1-So *<Z>«#fiL 1 0 0 0° 
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iN|:ffl^feT7^l4 2 Z±mzmZ 1 0 0-5 0 0 nmCiifML, 0 

i 6tc^-ri:e>ic. ^* h^)vir^y ^ -twm^v^^yh^m^xi o 
fa&i - l o o icHPio^tsii^yfc^^id^ 

[0 0 5 4] 

#UC?fg, MS1 0 0 0° Ct->'Ja>K-^CDGaNl4 4CD^Mfi 
&ff-9o % >^^>K-y©GaNM4 4iiP3^©^M^4 3^e>m«-TS 

U«e)<^?:ii-tSi:Mi^SI (1-10 1) <fc*Jfc£A##|©7§m£ 

W? z> z. t t* s ffi-egt>tis A#ft#;g|Rv* * ©#t*i«^vA o tfmc& & s/ y 

InGaNi4 5MfS„ *<D^ m 1 8 iz^t J: o J&g|g|g£|f _L 
pS^7^ FI^ lt©7n^-)A K-^©G a NI4 6£j&;R3-fr 
f©K0InGaNf4 50^{j:O. 5nm^e,3nmglT«feS 0 $ 
tC|&^©^Ml, 2tmmz. fg&m* (Al) GaN/InGaN©l^ 

fe{iInGaN^^t#iiili:t5ri:^S 0 ^<Z>|gS, InGaN0t<? 

lzirz,z_HtfmM£&Z> 0 
[0 0 5 5] 

TX^M^-SlSSr^PLTG a Nf4 1 fc^m^-fr, 3£{C-£tf)|&£ 
Ofc«P^4 7lCTi/Al/Pt/Au«@$:^ap-t^ 0 ZL*l#n«}g4 Silfc 
So £ ^iCT^tittlC/^RLfeft^gtcN i/P t/Autf:liN i (Pd) / 
Pt/Au&lfn, i©«*K:J:»;pIi4 9^t« (01 9) 0 3*1 
*>©3§iF(Z>^ Pit4 9, nt|4 8tt^tl-€ ? tl«M e fc<^iPt--5 3£#i&H 
T&S. 02 OfC^-tir-Mc. a»»3fc*?S:RIE CRlStt>f *->x 
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[0 0 5 6] 

3i&^bTV*<&. -£©£&«j£&C +®£««£® tfst7 7>f ^S«4 0_h 
tC«S«*£fc*S/y 3>K-:7©GaNJB4 1 fc^LTJfcftLfclSftJii: LT 
©S/U n> K-y©GaNf4 4 &^LTV*S. ^©>>'Jn> K-^CGaNf 
4 4 ttlS*^lBi:tt«»bT3&*S®{cat>*ifc^lifS:^LT*y, ^©S®{C 
¥ff«Cffi«LTJiis*^"e?gttM*??** I n G a Nf4 5#J£j&3tu £*>lC-£ 
©I nGaN|4 5_tK:*9* KJI£ It7^i/>)A K-^0GaNl4 6# 
J&«3ftTV*5. P«^4 9&V^*£/?A K — ^©G a Nf4 6 ©JiffifJC^ 

anrfey, nti4 8it ^iiSP^©HffajT?iiPstifcii^4 7ic»*an 

Tfe»J, S/y zi> K-^©G aNf4 1 fe^LTS/y n> K— ^"©G a Njf4 4 
[0 0 5 7] 

#y v&m*^<D#> F(Dmtfm*-tzz.tK&v. mmm&v/i i i&zn 

[0 0 5 8] 

*Hd£Mti\ a^^^f J: »J%^c§&t>fXtA^iM©ig 
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